Purpose The substantial literature showing that offspring of parents with alcohol use disorder (AUD) is at increased risk for externalizing psychopathology rarely examines the differential effects of parental and offspring sex. This literature also has other important limitations, such as modest sample sizes and use of unrepresentative samples. Using a large, nationwide Swedish sample, we aim to investigate the roles of parental and offspring sex in externalizing psychopathology among offspring with parental AUD. Methods AUD diagnosis and externalizing measures were obtained from national registries. Associations between outcomes and parental AUD were examined using logistic regressions. Parental and offspring sex effects were examined with interaction terms. Results Risks for externalizing disorders were increased in sons and daughters with parental AUD, with significant differences between sons and daughters for criminal behavior; maternal AUD had a greater impact than paternal AUD (regardless of offspring sex), but having two parents with AUD increased risk for all outcomes substantially more than having one parent; and maternal AUD increased risk of drug abuse for daughters more than sons, while paternal AUD increased risk of AUD and criminal behavior for sons more than daughters. Conclusions Offspring of parents with AUD are at increased risk for externalizing psychopathology. Maternal and paternal AUD differentially affected sons' vs. daughters' risks for AUD, drug abuse, and criminal behavior. The transmission of psychopathology within the externalizing spectrum appears to have sex-specific elements.
Introduction
Over the past 30 years, empirical evidence has consistently shown that offspring of parents with a history of alcohol use disorder (AUD) are at increased risk for externalizing disorders [1] , such as substance use disorders [2, 3] and 1 3 attention deficit hyperactivity disorder (ADHD) [4] . Given that externalizing disorders are common and associated with significant adverse societal costs [5] [6] [7] [8] [9] [10] , understanding whether this parent-child transmission of externalizing psychopathology differs by sex of the parents or offspring is critical for informing etiology and improving intervention efforts. Understanding the role of sex is also important because of the higher prevalence of externalizing disorders in men [11] . However, many of the extant studies investigating risk for externalizing disorders among offspring with parental AUD do not account for sex of offspring or parents. The studies that have examined offspring sex effects produced mixed results [3, 12, 13] . For example, there is some evidence that sons are more vulnerable than daughters to externalizing symptoms [13] [14] [15] [16] , but there is also evidence that daughters with parental AUD had a greater increased risk for AUD than sons [16] .
Of the limited research investigating the differential effects of maternal vs. paternal AUD on sons vs. daughters, there is conflicting evidence for within-vs. opposite-sex transmission. While Pollock and colleagues [17] showed that daughters of mothers with AUD had elevated rates of AUD themselves, two other reports showed evidence for opposite-sex transmission of problems [18, 19] . Finally, at least four studies did not find significant effects of parental or offspring sex when examining internalizing symptoms, general maladjustment, alcohol use, and alcohol problems [1, 12, 20, 21] . Thus, the question of whether maternal vs. paternal AUD differentially affects sons vs. daughters remains largely unclear.
In addition, there are a number of other limitations in this literature. These include use of unrepresentative samples, such as college students, which may be a particularly resilient population, and help-seeking samples [22, 23] , as well as frequent use of small sample sizes. Indeed, a recent review [22] noted that 47% of the included studies did not have enough power to reliably detect moderate effects, and only three could reliably detect small effects [15, 24, 25] .
The present study aims to clarify the roles of parental and offspring sex in risk for externalizing psychopathology among offspring of parents with AUD while addressing some limitations of the previous research by using a large, nationwide Swedish sample that is population-based rather than restricted to unrepresentative samples. To our knowledge, this is the largest study of its kind, which will increase the reliability and precision of the results. Given that the extant literature has produced conflicting results, we do not have a solid basis to make any specific hypotheses. Rather, our research questions are exploratory in nature. We investigate two main questions: (1) Does parental AUD affect risk for externalizing psychopathology among sons vs. daughters differently? (2) Does maternal AUD vs. paternal AUD affect risk for externalizing psychopathology among sons vs. daughters differently?
Methods

Sample
We linked Swedish National Registers by the unique identification number (replaced with anonymized serial numbers) assigned at birth or immigration to all Swedish inhabitants. The following sources were used to construct our analysis data set: The Multi- 
Measures
We examined four measures of externalizing psychopathology in the proband before age 30: alcohol use disorder (AUD), criminal behavior (CB), drug abuse (DA), and attention deficit hyperactivity disorder (ADHD). AUD was identified from medical registers using ICD codes, prescribed drugs, and criminal records (for a more detailed description see [26] ). DA was identified based on medical diagnoses, convictions, and suspicions, and prescribed drugs [27] . CB was identified based on convictions in lower court and includes violent crime, property crime, and white-collar crime [28] . ADHD was defined by ICD-9: 314, and ICD-10: F90. AUD, DA, CB, and ADHD were dichotomous variables (present, as defined by at least one registration, or absent).
Parental AUD was defined as an AUD registration in the parent before the probands reached age 18. We include AUD in both parents, maternal only, and paternal only. As a proxy for socioeconomic status during childhood, we used the highest level of parental education categorized as low (compulsory school only or missing information), mid (high school), or high (university). We also included rates of offspring living with their mother only, their father only, or both parents, at age 15 to get a proxy for household composition. We secured ethical approval from the Regional Ethical Review Board of Lund University.
Statistical analyses
Logistic regression models were used to estimate the association between the four externalizing outcomes (AUD, DA, CB, and ADHD) and parental AUD, adjusting for birth year and highest parental education. We also included offspring sex as a covariate in all models to account for differences in base rates of the externalizing disorders. First, we examined the association with parental AUD and tested for offspring sex differences by including a parental AUD by offspring sex interaction, that is:
To facilitate interpretation, the associations between parental AUD and offspring externalizing behavior are presented by offspring sex as odds ratios (ORs), represented by exp( 5 ) for females and exp( 5 + 45 ) for males. The interaction terms correspond to the differences between sexes and represent a test for sex differences. Supplementary Table 1 includes all estimated parameters presented in two ways: with offspring sex-specific effects (Parameterization A) and with all parameters, including the interaction term (Parameterization B).
Next, we included both maternal and paternal AUD to investigate whether parental sex has a differential impact on sons vs. daughters. Three interactions were included: maternal by paternal AUD, maternal AUD by offspring sex, and paternal AUD by offspring sex, that is:
As above, we present the associations between maternal, paternal, or both maternal and paternal AUD and offspring externalizing behavior by offspring sex as ORs. The ORs Table 2 with the two parametrizations described above. All ORs are presented with 95% confidence intervals (CIs). The estimates of maternal and paternal AUD were compared using Wald's tests. All models were run in SAS software version 9.3 [29] .
Results
Descriptive statistics
The prevalences for the externalizing psychopathology measures among those with parental AUD and no parental AUD are shown in Table 1 , stratified by sex of the offspring, along with descriptive statistics for the covariate of parental education. Sons had higher prevalences of all four measures compared to females, which is consistent with the literature [30, 31] . Across the board though, sons and daughters in the parental AUD group had higher prevalences of externalizing psychopathology compared to the no parental AUD group. These prevalences were higher for offspring with maternal AUD compared to paternal AUD. The rates of household composition are also shown in Table 1 . Regardless of whether the mother or father had AUD, both sons and daughters were more likely to live with their mother in cases of parental AUD.
Associations between parental AUD and externalizing psychopathology by offspring sex
The estimated associations between parental AUD and risk for externalizing psychopathology among sons and daughters are shown in Fig. 1 (with all parameter estimates in Supplementary Table 1) . As shown, the risks for AUD, DA, CB, and ADHD were all significantly increased for both sons (ORs ranging from 2.59 to 2.92) and daughters (ORs ranging from 2.41 to 3.26) with parental AUD. The associations for sons' and daughters' CB (OR of 2.69 vs. 2.41, respectively) were significantly different, as indicated by the significant interaction term. However, the associations for sons' vs. daughters' AUD, DA, and ADHD were not significantly different.
Associations between parental AUD and externalizing psychopathology by parental and offspring sex
The estimated associations between maternal/paternal AUD and risk for externalizing psychopathology among sons and daughters are shown in Fig. 2 (with all parameters estimates shown in Supplementary Table 2 ). The risks for AUD, DA, CB, and ADHD were all significantly increased among sons and daughters with maternal and paternal AUD. These effects were stronger when both parents had AUD. Examination of differences in the ORs for maternal AUD compared to paternal AUD indicates that maternal AUD had a stronger impact than paternal AUD.
Examination of the interactions showed a significant paternal AUD by offspring sex interaction for AUD, suggesting that paternal AUD influences the development of AUD in sons vs. daughters differently. Further, direct comparisons of the effects of maternal vs. paternal AUD as per the Wald's tests were significantly different for sons' AUD (p = 0.04) and for daughters' AUD (p < 0.01). Thus, paternal AUD increased risk slightly more for sons (OR = 2.86) than daughters (OR = 2.57), while the increased risk for AUD from maternal AUD was similar for both sons and daughters. For DA, there was a significant maternal AUD by offspring sex interaction, providing evidence that maternal AUD influences the development of DA in sons vs. daughters differently. The Wald's test further showed that the effects of maternal vs. paternal AUD were significantly different for daughters' DA (p = 0.01). Accordingly, maternal AUD increased risk for DA more for daughters (OR = 3.98) than sons (OR = 3.05), while the increased risk for DA from paternal AUD was similar for both sons and daughters. Table 2 for full parameter estimates For CB, there was a significant paternal AUD by offspring sex interaction, showing evidence that paternal AUD influences the development of CB in sons vs. daughters differently. However, while the OR was slightly higher for sons (OR = 2.71) than for daughters (OR = 2.34), this difference was not significant as per the Wald's test.
Neither of the two interactions of maternal AUD by offspring sex and paternal AUD by offspring sex were significant for ADHD. Neither of the Wald's test for sons' and daughters' ADHD were significant. As such, risk for ADHD was increased regardless of parental and offspring sex.
Discussion
Using a large, nationwide Swedish sample, we sought to clarify the roles of parental and offspring sex in risk for externalizing psychopathology (AUD, DA, CB, and ADHD) among offspring of parents with AUD. Three key findings are noteworthy.
First, we showed a two-to-threefold increased risk for AUD, DA, CB, and ADHD among both sons and daughters with parental AUD (of either sex) compared to individuals with no history of parental AUD. These findings are consistent with the substantial amount of the previous research showing that children of parents with a history of AUD are at increased risk for externalizing disorders [1-4, 13, 32-35 ], but we have increased their reliability, precision, and power to detect small effects using a large, population-based sample. The only significant difference between sons and daughters was for CB. Sons were at greater increased risk than daughters, which is consistent with the literature indicating that sons with parental AUD are more vulnerable to externalizing symptoms [13] [14] [15] [16] .
Second, analyzing the effect of maternal vs. paternal AUD allowed us to investigate whether affected mothers have a greater impact on their children than affected fathers, or vice versa. We showed that maternal AUD consistently conferred a greater risk than paternal AUD overall for both sons and daughters. One likely explanation for this finding is that offspring in our sample were more likely to live with their mother, even when she was the affected parent. To formally test whether the stronger influence of maternal AUD was attributable to more contact with mothers, we performed additional logistic regressions stratified by household composition (living with both parents, living with mother only, living with father only). These results are displayed in Supplemental Table 3 . Indeed, we found evidence for a strong socialization effect, such that offspring were more likely to develop an externalizing disorder when they lived with the affected parent. In addition, when offspring lived with both parents, the increased risk for externalizing disorders conferred by affected mothers vs. affected fathers was more equal (on the order of twofold; with the exception of maternal AUD and risk for daughters' ADHD), providing stronger evidence for a socialization effect. Thus, mothers with AUD likely exert a stronger influence because offspring are more likely to live with them.
Another explanation is the potential impact of prenatal exposure to alcohol that may increase risk for a variety of disorders [36, 37] . However, for all measures, having two parents with AUD increased risk substantially more than having only one parent with AUD (3.4-6.0-fold increased risk vs. 2.3-3.9), which is consistent with the previous research [16, 21] .
Third, the interaction analyses of maternal/paternal AUD by offspring sex further allowed us to ask the question of whether maternal and paternal AUD influence sons vs. daughters differently, while the Wald's tests examined whether the effects of maternal vs. paternal AUD were significantly different. For DA, maternal AUD increased risk of DA more for daughters than sons, while for AUD and CB, paternal AUD increased risk for sons more than daughters. Maternal and paternal AUD did not influence risk for ADHD among sons vs. daughters differently.
These findings are inconsistent with the research that did not find any significant effects of parental or offspring sex [1, 12, 20, 21] . It is possible that part of the explanation for these inconsistencies is due to differences in the outcomes examined, as Belliveau and Stoppard (1995) examined internalizing symptoms. However, the remaining outcomes examined by Saunders et al., Kendler et al., and Mellentin et al. (general maladjustment, alcohol use, and alcohol problems, respectively) are broadly similar to ours. Thus, another possible explanation is that our large sample increased the ability to find small effects that the previous studies may not have had the power to detect. Still, these inconsistencies reiterate the need for future research to more rigorously investigate the differential effects of maternal vs. paternal AUD on sons vs. daughters.
Despite the need for more research, the present results shed light on the role of parental and offspring sex. Our finding that maternal AUD increases risk of DA for daughters more than sons, while paternal AUD increases risk of AUD and CB for sons more than daughters supports the notion of sex-specific transmission of psychopathology within the externalizing spectrum broadly rather than AUD specifically. While the previous research has also showed evidence for a general liability accounting for the parent-child transmission of externalizing psychopathology [38] [39] [40] , we have added to this body of the literature by showing that this transmission may be sex-specific. We speculate that this sex-specific transmission of externalizing disorders is due to a combination of genetic and environmental influences. For example, Prescott et al. [41] found that the genetic liability for AUD was partially, but not completely overlapping in males and females. Therefore, while some of the genetic liability was common between sexes, a portion was sex-specific, which may reflect other sex-specific genetically influenced factors, such as hormones and metabolism. It is also possible that environmental influences play a major role, such as gender socialization by the same-sex parents and social expectations.
These findings can be useful for clinicians delivering prevention interventions and treatment to families with affected parents, as the sex of the affected parent and offspring appears to be informative about risk for specific externalizing psychopathology. For example, clinicians can focus their attention on the prevention of DA among daughters whose mothers have AUD, while they may be more attentive to the prevention of AUD and CB among sons whose fathers have AUD. Likewise, clinicians treating families may be particularly aware of the signs and symptoms of the respective conditions more likely to affect daughters or sons with maternal and paternal AUD. Moreover, outside of sex-specific effects, clinicians can more generally target prevention and intervention efforts towards individuals with a parental history of AUD, focusing particularly on individuals with two affected parents and children of affected mothers.
Limitations
Despite the present study having clear strengths (e.g., use of a large, nationwide sample), it is not without limitations. First, our sample consisted of Swedish individuals only. It is uncertain if our results will generalize to other populations, although it is likely they are generalizable to other industrialized countries. However, parental SES (indexed by parental education) may not have as much of an impact in a more socialized country like Sweden as it would in the United States.
Second, we relied on medical, legal, and pharmacy registry data for our externalizing measures. While this method has the advantage of not being subject to recall biases, it can produce false negatives and positives. Although the extent to which this occurred could not be estimated, the prevalence of AUD in our sample is lower than estimates from most epidemiologic surveys [42] [43] [44] . Accordingly, it may be that registries detect more severe cases of AUD than populationbased interview studies. However, a previous study of Swedish adoptees using similar registry variables showed high concordance rates for registration across the different methods, providing support for our externalizing measures [42] . For example, having an AUD registration from the criminal registry increased risk of having a registration from hospital records by 13.5 times, and having a registration from hospital records increases risk of having a registration from an outpatient registry by 74.8 times.
Third, our parental AUD variable was lifetime and it is possible the parent could have received the diagnosis before the proband was born. However, there is considerable evidence that the transmission of externalizing disorders is both genetic and environmental [1, 45] . Thus, in both these instances, the parent would be conferring genetic risk rather than environmental risk.
Conclusions
Using a large, nationwide Swedish sample, we showed three main findings: (1) risks for AUD, DA, CB, and ADHD were increased in both sons and daughters of parents with AUD, with significant differences between sons and daughters for CB (regardless of parental sex); (2) maternal AUD conferred greater risk for externalizing psychopathology than paternal AUD overall (regardless of offspring sex), but having two parents with AUD increased risk for externalizing psychopathology substantially more than having one parent; and (3) maternal AUD increased risk of DA for daughters more than sons, while paternal AUD increased risk of AUD and CB for sons more than daughters, providing evidence for elements of sex-specific transmission of psychopathology within the externalizing spectrum. These findings help to clarify the role of parental and offspring sex in the risk for externalizing psychology among offspring with parental AUD.
